Abstract. Eastern equine encephalitis (EEE) was diagnosed (postmortem) in a sheep with clinical signs attributable to a central nervous system disease. The sheep was febrile and initially had front limb incoordination, which progressed to paralysis of both front and hind limbs during a course of 2 days. The sheep maintained an alert attitude with the ability to eat up to the time of euthanasia. The only clinical pathologic abnormalities were neutrophilia and lymphopenia without appreciable leukocytosis, a moderate hyperglycemia, and an elevated creatine kinase. Treatment included hydrotherapy for lowering body temperature, intravenous fluids, thiamine hydrochloride, tetanus antitoxin, antibiotics, and corticosteroids. The only gross lesion at the time of necropsy was a wet glistening surface of the brain (leptomeninges). Microscopically, there was severe nonsuppurative meningoencephalitis, poliomyelitis, and polyradiculoneuritis with mild multifocal neutrophilic infiltration. The EEE virus was isolated from the brain, and subsequent fluorescent antibody testing for EEE was positive on cell culture. tion of the front legs. The lamb had reportedly been normal the day before presentation and had been shown at a local lamb show. The lamb ate normally the morning of presentation and although was having difficulty using the front legs, could stand and walk with assistance. Within 3 hours of showing the first clinical signs, the lamb was unable to stand without assistance or stay in sternal recumbency but was still alert, responsive, and had a good appetite. The lamb had been housed with another lamb; both had access to a grass pasture, were fed a pelleted sheep feed, and were sup-plemented with a small amount of alfalfa hay. History included an abrupt change in type and amount of concentrate feed 4 days before onset of clinical signs. Access to water had been prohibited for several hours before the show and ambient temperature was 36ЊC (97ЊF, 110ЊF heat index). Deworming with ivermectin a had been performed 6 weeks previously, and vaccination history was not known.
The lamb presented to the clinic in lateral recumbency. Body temperature was 41ЊC (106ЊF), heart rate was 176 beats/minute, and respiratory rate was 32 breaths/minute. The lamb could stand with support and was observed knuckling on the right front leg, uncoordinated on the left front leg but could use both rear legs normally when forced to move. There were no abnormalities detected on cranial nerve examination and mentation was normal. Initial treatment included cool hydrotherapy; thiamine hydrochloride, b 10 mg/ kg IV and IM followed by 10 mg/kg IM q6 hours; ceftiofur hydrochloride, c 2.2 mg/kg SQ q12 hours; procaine penicillin G, d 33,000 U/kg SQ q24 hours; tetanus antitoxin, e 3,000 U SQ; and dexamethasone, f 10 mg IV.
The next morning, generalized muscle fasciculation was noted, and hindlimb rigidity and paddling were present. The body temperature was 42 C (107 F) despite being in an airconditioned environment with a fan. Medical therapy was continued and 0.9% sodium chloride was administered IV to address mild dehydration and maintenance requirements. A complete blood count (CBC) and serum biochemical analysis, including serum magnesium level, were performed. The CBC revealed a neutrophilia, 7,300/l (700-6,000/l) and lymphopenia, 800/l (2,000-9,000/l) with a normal white blood cell (WBC) count; hyperglycemia, 137 mg/dl (30-65 mg/dl) and elevated creatine kinase (CK), 4,991 U/liter (Ͻ65 U/liter) were identified on the serum biochemistry panel. All other hematologic and electrolyte values were within normal limits. 2 The neutrophilia, lymphopenia, and hyperglycemia were probably a result of stress or steroid administration (or both), whereas the elevated CK may have been because of transport, recumbency, and muscle fasciculation. Clinical differentials included rabies, sodium ion intoxication (salt toxicity/water deprivation), polioencephalomalacia, listeriosis, tetanus, lead toxicity, meningitis, hepatoencephalopathy, and transport tetany. West Nile Virus had not occurred in Louisiana at the time of this case and was therefore not considered as a differential. Permission to perform additional diagnostic tests (including a cerebrospinal fluid centesis with fluid analysis and sodium measurement, and blood lead level) was declined by the owner. Because of expense and poor prognosis, the animal was humanely euthanized at the owner's request.
At necropsy, the sheep weighed 50 kg and was in good body condition with minimal postmortem autolysis. The leptomeningeal surface of the brain was glistening and wet, which was most noticeable in the sulci of the cerebral hemispheres. Observation of the cut cerebral surface under ultraviolet light revealed no fluorescence to suggest laminar cortical malacia. The spinal cord appeared to be within normal limits, and no significant lesions were present in any other organ. The brain was halved along the longitudinal fissure, and half was submitted for virologic testing. A portion of the brainstem was submitted for Listeria culture. The re-maining brain, entire spinal cord, and other organ specimens were fixed in 10% neutral buffered formalin, processed routinely, and stained with hematoxylin and eosin for histopathologic evaluation.
Histopathologic lesions were confined to the brain and the entire length of the spinal cord. The brain lesions involved both gray and white matter and consisted of multifocal glial nodules, neuronal necrosis with karyorrhexis and satellitosis, neuronophagia, lymphocytic perivascular cuffing, and multifocal lymphocytic meningitis. A few degenerate polymorphonuclear inflammatory cells were scattered within the inflammatory lesions in the cerebral and cerebellar meninges and also were included in a few of the perivascular cuffs. These polymorphonuclear cells were predominantly neutrophils, but it was difficult to exclude the rare chance of an eosinophil because the degenerate cells had an eosinophilic cytoplasmic hue but lacked evidence of eosinophilic granules. Necrotizing inflammation was also noted (Fig. 1) . Some separation was present around cerebral vessels especially in the cortex, which was interpreted as vasogenic edema. No inclusion bodies were observed. In the spinal cord the lesions were generally restricted to the gray matter (poliomyelitis) ( Fig. 2) and were similar to the brain with glial nodules, some gliosis, perivascular cuffing, neuron necrosis, neuronophagia as well as a few petechial hemorrhages. Inflammation consisting of gliosis and glial nodules was also noted in the nerve rootlets of the spinal cord (polyradiculoneuritis) (Fig. 3) . There was also a mild nonsuppurative spinal meningitis. Immunohistochemical staining of brain sections with an affinity-purified antibody to Listeria g was negative.
The microscopic lesions were most consistent with an infectious disease of viral etiology, and appeared very similar to those seen in horses with eastern equine encephalitis (EEE). Salt toxicity (water deprivation) was given some initial consideration because there was a history of withholding water (although briefly) before showing the lamb. However, water deprivation was not considered likely given the overall microscopic lesions. Although a few eosinophils may have been present, the overall pattern, neuronal necrosis, glial nodules, neuronophagia, and poliomyelitis would not be characteristic of salt toxicity. The lesions would also not support a lead toxicity or be typical of bacterial meningitis.
Virologic testing for rabies and pseudorabies by fluorescent antibody (FA) was negative. Initial FA testing on brain tissue for EEE and western equine encephalitis (WEE) was also negative. Vero cells were inoculated with a 10% suspension of brain tissue from the sheep. After 7 days postinoculation on a second passage, the Vero cells developed cytopathic effects in a pattern consistent with togavirus. The FA staining of infected cells for EEE virus but not WEE virus revealed fluorescence associated with the cytopathology indicative of a positive culture for EEE virus. Bacteriologic culture, including culture for Listeria, was negative.
This case represents a natural infection of a sheep with EEE. Eastern equine encephalitis is an alphavirus in the family Togaviridae and has a bird-mosquito cycle with extension into dead-end hosts such as horses and humans. Deadend hosts include humans, horses, ratites (especially emus), 15, 16 pheasants, 10 other birds, 10 quail, 4 whooping cranes, 11 cows, 9, 13 and pigs. 5 Other species from which EEE virus has been isolated include pigeons, rodents, insects, dogs, goats, 12 and loggerhead shrike. 1 Experimentally, suckling mice inoculation is the most sensitive means of detection of the virus infection, and guinea pigs as well as chick embryos are also highly susceptible. Experimental infection has also been accomplished in rabbits, calves, swine, pheasants, quail, pigeons, blackbirds, cardinals, cedar waxwings, sparrows, juncos, thrushes, young chickens, ducklings, chukkar partridges, and turkey poults. 14 Adult fowl and some wild birds, mostly water birds, are resistant to infection with no clinical illness but have high viremia for a couple of days. 14 The virus propagates in these birds, and transmission to other birds and dead-end hosts such as horses and humans occurs through vector transmission from mosquitoes where the virus is capable of multiplying. 7 Not all mosquitoes can become infected, and some can be infected but cannot transmit the disease. 7 The EEE virus has also been reported in chicken lice, 14 assassin bugs, 7 and chicken mites with experimental transmission by chicken mites (Dermanyssidae). 3 Deadend hosts cannot transmit EEE either directly or indirectly 6 because viremia is considered too low to be a source of infection. 7 Vector transmission from horse to horse is considered a much less important source of infection, but experimental work indicates that the virus may overwinter in snakes. 14 In 1999, the first case of EEE in horses in Louisiana occurred in May, which is earlier than that typically seen in Louisiana. 6 By the end of July, there were 51 confirmed horse cases. 6 The actual number of cases of EEE in horses was probably higher because of the fact that EEE was not tested in all horse deaths nor can it be suspected that EEE was checked in all cases of horses having neurological disease. During this same time period, EEE had been confirmed as the cause of death of over 200 emus 6 and was the cause of 2 nonfatal cases of EEE in humans in Louisiana. 6 The coastal and southernmost parishes in Louisiana contained the highest number of cases with only rare individual cases in the mid to northern parishes. As reported by the Louisiana Office of Public Health and the Louisiana Veterinary Medical Diagnostic Laboratory, by December 1999, the total number of confirmed equine cases of EEE for the year had risen to 97 cases with 32 of 64 parishes being affected. 8 No additional cases in humans, emus, or sheep were detected.
The clinical signs in this wether would be similar to those seen in horses with the exception that this sheep seemed alert up until the time of euthanasia, whereas horses tend to progress to being dull and somnolent. 7, 10 The neutrophilia with normal WBC in this sheep is similar to what was found in a cow with EEE. 9 The young age of this sheep and the rapidly debilitating course also corresponds to reports in horses 7 and calves. 9, 12, 13 Although some neutrophils were observed microscopically and definite necrotizing response was present within the brain lesion in this wether, the overall nonsuppurative response in this wether is different from that typically seen in horses but is similar to that seen in the cow. 9 This nonsuppurative encephalitic response may therefore be a function of either the ruminant species' response to the virus or a later stage of the inflammatory process in which there was an early transient neutrophilic response. Horses typically have an early neutrophilic response which later becomes mononuclear after a couple of days. 7 Sheep, dogs, and cats were once thought to be refractory to the disease, 7 but there have been reports in dogs, 12 and this case proves a natural sheep infection.
The initial negative FA on impressions smears of the brain from this sheep is believed to be a function of the concentration of virus in the brain at the time of testing. The FA for EEE on brain tissue is sometimes useful to obtain presumptive positive laboratory data before histologic evaluation or viral culture. However, FA for EEE virus is limited as a diagnostic technique because of an inordinate number of false negatives relative to viral culture, presumably because of the amount of virus in original tissues. Typically, cases tend to be FA positive when virus is recovered early in the course of culture. In the case presented in this study, FA testing was negative, but virus manifested itself late in the course of culture (after subculture). This implies that the original tissue contained a relatively low level of infectious virus, which was not detected by the preliminary FA screening test.
This case may signal the fact that other animals, which would not be suspected as contracting EEE, may become infected and provide another dead-end host for the virus. Therefore, during the EEE season, central nervous system (CNS) disease in sheep and possibly other small ruminants could potentially be EEE, and veterinarians should include diagnostic testing for EEE in addition to other CNS infectious agents.
